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Abstract  This article presents a method for real- 
time mapping of algal blooms in turbid coastal waters 
using the remote sensing reflectance of red band 
(Channel 1, 580－680 nm) and near-infrared band 
(Channel 2, 720－1100 nm) of the AVHRR sensor on 
the NOAA series satellites. A turbidity-free function 
for near-infrared and red signals, α0 = (bb(1)/bb(2))(a(2)/ 
a(1)) based on the first order bb/(a+bb) model deduc-
ing equation Rrs(2)−1 = α0 Rrs(1) −1+ g−1 (1−α0), were se-
lected as a chlorophyll-a related index for detecting 
algal blooms, and the algal blooms with chlorophyll-a 
concentration of 64－256 mg/L could be defined by 
window of 1.6 < α0 < 5.2 and 0.01< Rrs(2)/g < 0.2. 
Such turbidity-free two-band method is supported by 
both sea-truth data and remote sensing experiment 
for an algal blooms event on the near-shore water off 
the Minjiang estuary of southeastern China during 
early June of 2003. Comparisons of this algorithm 
with other published algorithms, one-band method 
(i.e. method of bright water) or two-band methods (i.e. 
method of ratio, method of NDVI, and method of 
subtracting) have suggested that the turbidity-free 
function method could be regarded as a standard 
algorithm in capabilities of AVHRR imagery or other 
high resolution but wide near-infrared and red band 
imagery for detecting algal blooms events in coastal 
waters.  
Keywords: remote sensing, marine optics, algal bloom, algorithm, 
estuary. 
Harmful algal bloom acts upon important environ-
mental problems in coastal waters. A unified and im-
plementing method for survey and monitoring algal 
blooms has been developed since last decade. However 
there is a data gap of about tens years in the period with 
rapid increasing of algal blooms events. The 20 years 
AVHRR imagery on the NOAA series of weather satel-
lites seems to be a main source to mining the data of 
algal blooms within that gap. During last decade, most 
people engaged in remote sensing paid a more attention 
to the algorithm to detect algal bloom using signals of 
red band (Channel 1, 580－680 nm) and near-infrared 
(NIR) band (Channel 2, 720－1100 nm) of AVHRR 
data[1－10]. They developed a series of algorithms based 
on one-band or two-band information, i. e, method of 
bright water, method of ratio, method of normalized 
difference vegetation index (NDVI) and method of 
subtracting. Unfortunately it is difficult to find out a 
robust method for retrieving algal blooms information 
from both turbid and less turbid coastal waters. 
Based on the former studies and our observations for 
the algal bloom event on the near-shore water off the 
Minjiang estuary of southeastern China during early 
June of 2003, we are trying to set up and verify a tur-
bidity-free algorithm for algal blooms detecting using 
AVHRR style wide bands along with the well-known 
bio-optical understandings. 
1  Reflectance spectra for algal bloom waters 
Additional to a background of suspended particles 
backscatter, almost all the above water reflectance 
spectra of algal blooms are characterized by two spec-
tral signatures for absortion and one spectral signature 
for reflection[7,9,11,12]. 
(1) Spectral signatures for absortion near 440 nm. 
There is a positive relationship between the absortion 
coefficient at 440nm and chlorophyll-a concentration. 
(2) Spectral signatures for absortion near 670 nm. 
There is also a positive relationship between the absor-
tion coefficient at 670 nm and chlorophyll-a concentra-
tion. 
(3) Spectral signatures for a backscatter or fluores-
cence in the range from 680 nm to 740 nm. The strong 
signal near 683 nm referred to the contribution of re- 
emission of light of chlorophyll-a and was widely used 
in remote sensing to map chlorophyll-a [11,12]. Such 
strong signal could be shifted toward the direction of 
long wave while the algae become denser or concen-
trated to the near surface layer. There is a positive rela-
tionship between chlorophyll-a concentration and the 
wave lengthen of peak in reflectance spectrum[13,14].  




the water in offshore area of the Minjiang estuary were 
made from May to June of 2003, and the regional red 
tide monitoring net registered them as a series of algal 
bloom since later May. The bloom was dominated by 
dinoflagelate Gymnodinium mikimotoi and Prorocen-
trum triestinum. Fig. 1 shows above-surface remote 
sensing spectrum captured by spectra-radiometer GER- 
1500 for six sites with different concentration of chlo-
rophyll-a. The spectra reveal all spectral signatures for 
algal bloom waters mentioned above: the signature for 
absortion near 440 nm, the signatures for absortion near 
670 nm, and the signatures for backscatter or fluores-
cence in the spectrum from 680 nm to 700 nm. 
near-infrared, and the pixies for the suspended sediment 
dominating waters within an arc-like curve, and the 
algal dominating waters pixies distributed between the 
line and the arc-like curve. The scatter plots of the sig-
nals in AVHRR Channel 1 and Channel 2 for the cells 
within algal bloom waters off the Minjiang estuary on 3 
June of 2003 represent similar grouping signals as 
Gower[4] and Li et al [15] suggested (Fig. 2).  
Following the one order bb/(a+bb) model[16], the 
above-surface remote sensing reflectance for AVHRR 
Channel 1 and Channel 2, Rrs(1) and Rrs(2), could be ex-
pressed as a simple expression of the backscattering 
coefficients bb(1) and bb(2), and the absorption coeffi-
cients a(1) and a(2) respectively by 
2  Signal of waters in the scatter plots of near-in-
frared and red bands 
  Rrs(1) = g [bb(1)/(a(1)+bb(1))], 
 Rrs(2)=g[bb(2)/(a(2)+bb(2))], (1) 
where g is an empirical factor considered to be the 
maximum above-surface remote sensing reflectance 
defined from the product of f /Q and t2/n2 [17]. As the 
ratio f /Q is 0.0949 in case-one water[16] and 0.084 in the 
turbid near-shore water[18], and the ratio t2/n2 appro-     
ximately equals 0.54[17], with g averaging about 0.0483.  
As Fig. 1 shows, the AVHRR Channel 1 covers a red 
window with signatures for absorption near 670 nm, the 
AVHRR Channel 2 covers a near-infrared window re-
lated to the signatures for backscatter or fluorescence in 
the spectrum from 680 nm to 740 nm. Gower[4] and Li 
et al.[15] had simply used a 2D scatter plot of signal 
values in near-infrared band against the values in red 
bands, and distinguished the pixies with cloud or direct 
sunlight on water within the line of red equaling the  
Then the normalized remote sensing reflectance, 
Rrs(2)/g, could be regarded approximately as a non-lin-
ear ruler for bb(2) if total absorption coefficient for the 
 
Fig. 1.  Above surface remote sensing reflectance spectrum for the waters with different concentration of chlorophyll-a, collected in the study area 
(119°52′―119°54′E, 26°16′ ―26°19′N) at 10:00－15:40, June 2, 2003, in addition to the windows for AVHRR Channel 1 and Channel 2. 






Fig. 2.  A portion of an AVHRR scene collected on 3 June 2003, and covering algal bloom event off the Minjiang estuary in Channel 1(a), Channel 2 (b) 
and scatter plots of the signal in Channel 1 vs. Channel 2 (c). The sea-truth data were collected in the area within the square during 10:00－15:40, June 
2, 2003. 
 
near-infrared, a(2), is dominated by absorption coeffi-
cient of water aw(2): 
Rrs(2)/g=bb(2)/(a(2)+bb(2))=1/(a(2)/bb(2)+1) 
≈ 1/(aw(2)/bb(2) +1).               (2) 
Mathematically the relationship between Rrs(1) and 
Rrs(2) for seawaters can also be given as a function with 
parameter α0[19]: 
Rrs(2)−1 = α0Rrs(1)−1+ g−1 (1−α0), 
 α0=(bb(1)/bb(2))(a(2)/a(1)). (3) 
Therefore the contours of the α0 function in the plots 
of Rrs(1) vs. Rrs(2) appeared as a group of arc-like curves 
with two hinge points at Rrs(1) = g and Rrs(2) = g, and 
near Rrs(1) = 0 and Rrs(2) = 0 (Fig. 3).  
3  α0 and Rrs(2)/g as signals for detecting algal 
bloom waters  
The parameter α0 defined by eq. 3 is a function of 
backscatter and absorption coefficients bbw(1), bbs(1), 
bbc(1), bbw(2), bbs(2), bbc(2), and aw(1), as(1), ac(1), ay(1), aw(2), 
as(2), ac(2), ay(2), attributed to the contributions of water, 
suspended sediment, chlorophyll-a and gelbstoff  for 
AVHRR Channel 1 and Channel 2 respectively. For the 
algal blooms within a suspended particle dominated 
backscatter (bbc(1) + bbs(1)>> bbw(1), bbc(2)+ bbs(2)>> bbw(2)) 
and a chlorophyll-a free near infrared absorption (aw(2) 
+ as(2) + ay(2)>> ac(2)), and the α0 could be rewritten as  
α0 = (bb(1)/ bb(2))( a(2)/ a(1)) 
= [(bbw(1)+ bbs(1) + bbc(1))/ (bbw(2)+ bbs(2) + bbc(2) )] 
  ×[(aw(2)+ as(2) + ac (2) +ay(2))/(aw(1)+ as(1) + ac(1) + ay(1))] 
≈ [(bbc(1) + bbs(1) ) / (bbc(2) + bbs(2) )][(aw(2)+ as(2) + ay(2))/ 
  (aw(1)+ as(1) + ac (1) + ay (1))].                  (4) 
 
Fig. 3.  Contours of the α0 function (fine lines) and Rrs(2)/g function 
(fine dotted lines) in the domain of Rrs(1) and Rrs(2). The area within dotted 
line is the window for detecting algal bloom, which is defined by 1.6< α0 
< 5.2 and 0.01< Rrs(2)/g < 0.2 (see eq. 14). 
 
We express the term of backscatter as [18] 
 bbc(1) + bbs(1) = X(400/λ1)Y, 
 bbc(2)+bbs(2)=X(400/λ2)Y. (5) 
The X combines the particle backscattering coeffi-
cient of phytoplankton and non-phytoplankton fractions, 
along with viewing-angle information and state into 
one variable. And Y is a spectral shape parameter kept 
within the 0－2.5 ranges. The absorption coefficients of 
gelbstoff and detritus are expressed as [17] 
 as(1) + ay (1) = Gexp[−S(λ1− 400)], 
 as(2)+ay(2)=Gexp[−S(λ2-−400)]. (6) 
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With G = ag (400) + ay (400), S is the spectral slope 
and has been reported in the range of 0.011－0.021 
nm−1. And the absorption coefficient for the phyto-
plankton of chlorophyll-a concentration C, ac (1), could 
be estimated by bio-optics model[16]: 
 ac(1) = AC1−B. (7) 
The parameter α0 for AVHRR Channel 1 and Chan-
nel 2 therefore is estimated as 
α0 ≈ (λ2/λ1)Y{aw(2)+Gexp[−S(λ2 − 400)]}/{aw(1)
+Gexp[−S(λ1 − 400)] + AC1−B}.         (8) 
With selected inputs values of 
Y =1                    (after Tassan[20]) , 
aw(1) ≈ aw(630 nm)= 0.292 m−1  (after Pope and Fry[21]), 
aw(2) ≈ aw(900 nm) = 6.67 m−1 (after Palmer and Wil-
liams[22]), 
S = 0.012                (after Cao et al[23]),  
G = 2 m−1,
A = 0.023,  
 B=0.08. (9) 
Then  α0 can be presented as a function of C (Table 
1), 
 α0 ≈ 9.64/(0.419+0.023C0.992). (10)  
 
Table 1  The value of α0 for the waters of different chlorophyll-a (C)  
(G = 2 m−1, A = 0.023, B = 0.08) 
C (µg·L−1) 0 1 2 4 8 16 32 64 128 256
α0 23.0 21.8 20.7 18.9 16.1 12.4 8.5 5.2 3.0 1.6
 
From eqs. 3 and 10, the relationship between Rrs(1) 
and Rrs(2) for seawaters can also be presented as a func-
tion of C: 
Rrs(2)−1 = [9.64/(0.419+0.023C0.992)]Rrs(1)−1 
+[1−9.64/(0.419+0.023C0.992)]g−1.  (11) 
Therefore suspended sediment dominated water 
could be detected by arc-like window tracking contours 
near the maximum α0 for waters of C equaling zero:  
 Rrs(2)−1=23Rrs(1)−1 − 22g−1. (12) 
And the algal dominating waters pixies could be 
picked up by the arc-like window defined by contours 
with less α0. 
The backscatter coefficient for NIR band, bb(2), could 
be expressed directly by the normalized remote sensing 
reflectance Rrs(2)/g based on eqs. 2 and 9, 
bb(2) ≈ aw(2)/{[1/(Rrs(2)/g)]−1} 
= 6.67(Rrs(2)/g)/[1–(Rrs(2)/g)].    (13) 
When we consider the algal blooms to be detected is  
specialized by chlorophyll-a ranging from 64 µg·L−1 to 
256 µg·L−1, the algal blooms detecting windows for 
AVHRR Channel 1 and Channel 2 could be defined 
under the turbidity-free functions α0 ranging from 1.6 
to 5.2. Meanwhile if the algal blooms are dominated by 
biogenic particle as those in case one waters, the nor-
malized remote sensing reflectance Rrs(2)/g will range 
only from 0.01 to 0.03 as the backscatter coefficient for 
AVHRR Channel 2 (bb(2)) only varies from 0.08 m−1 to 
0.2 m−1 1). However for the “bright” algal blooms with 
thin overlying water[13], the Rrs(2)/g could be larger. 
Under such consideration, we selected a regional algal 
blooms detect window as following (Fig. 3): 
 1.6 < α0 < 5.2, 
 0.01<Rrs(2)/g<0.2. (14)  
4  Application in the coastal waters off Minjiang 
estuary using AVHRR data 
4.1  Point of Rrs(1) = Rrs(2) = 0  
The L1 data of AVHRR Channel 1 and Channel 2,  
D (1) and D (2), were firstly loaded and then a 2D scatter 
plot was displayed (Fig. 2). The cells reflecting the 
clearest water at point of Rrs(1) = 0 and Rrs(2) = 0, D 0(1) 
and D 0(2) were picked up from the records just below 
the lower joint-point for line of cloud or direct sunlight 
on water and arc-like curve of water, or from the re-
cords just below the minimum of each band. 
4.2  Point of Rrs(1) = Rrs(2) = g 
The cells reflecting the most turbid water at point of 
Rrs(1) = g and Rrs(2) =g, D g(1) and Dg(2) were picked up 
from the records just above the toper joint-point for the 
line and arc-like curve in the 2D scatter plots men-
tioned above. On the other hand, the point could be 
estimated from a best fit linear equation for the scatter 
plots of water signals within the domain of (D(1) −  
D0(1))−1 vs.(D(2) − D0(2))−1: 
(D(2) − D 0(2))−1 = a(C21(D(1) − D 0(1)))−1+b, 
      D g(1) = (1 − a)/b/C21+D 0(1), 
Dg(2) = (1− a)/b+D0(2),                  (15) 
where C21 is slope for the cells with signals of cloud or 
sun glint at the 2D scatter plots for D (1) and D (2) [4]. 
4.3  Imagery of detected algal blooms  
The normalized remote sensing reflectance for each 
                     






Fig. 4.  (a) 2D scatter plots for D (1) and D (2) for the cells for coastal waters off the Minjiang estuary, along with the mode with lower and toper joint 
points, the regional algal blooms detecting windows (red dotted line). (b) the image of D (2) over layered with detected algal bloom waters (red cells) on  
June 3, 2003 (A: algal bloom waters with sea-truth data on 2 June 2003; B: potential algal bloom waters in the southern Zhejiang coastal water; C: po-
tential algal bloom waters over tidal flats and near shore waters). 
 
pixel, Rrs(1)/g and Rrs(2)/g, is derived directly from 
 Rrs(1) /g = (D(1) − D 0(1))/(D g(1) − D 0(1)), 
 Rrs(2)/g = (D(2) − D0(2))/(Dg(2) − D 0(2)). (16) 
Then the chlorophyll-a correlated but turbid free pa-
rameter, α0, is calculated pixel by pixel from:  
 α0=((Rrs(2)/g)−1 − 1)/((Rrs(1)/g)−1 − 1). (17) 
All the pixels within the windows of Rrs(2)/g and α0 
as equation 14 are flagged and converted to an image of 
detected algal blooms.  
Fig. 4 shows a 2D scatter plots for D (1) and D (2) 
along with their two joint points and the windows of 
equation 14, and an image of detected algal bloom wa-
ters for the Minjiang estuary on  June 3, 2003. The 
algal blooms sites observed by direct sensing one day 
before were located at remote sensing detected algal 
bloom waters on June 3.  
5  Discussion 
5.1  Comparison with the algorithm of one-band mode 
On clear water algal blooms are most often observed 
as the greatly increased turbidity. Such algal blooms 
appearing as brighter waters in NIR image are contrib-
uted dominantly by backscatter or fluorescence signa-
tures in the band of 680 nm to 740 nm, in addition, the 
biogenic particles introduced backscatter increasing 
over almost whole NIR band. As an example, the 
one-band mode using brighter waters recorded by the 
Channel 2 of AVHRR, had been successively used in 
distinguishing algal bloom waters from clear coastal 
water[2,5,6,24]. For such one-band mode, the window to 
detect algal blooms appeared only as a function of 
Rrs(2)/g in the 2D scatter plots of Rrs(1) vs. Rrs(2), which 
could distinguish bright algal blooms from clear water 
but it was very difficult to pick out either bright algal 
blooms from turbid water or dark algal bloom from 
clear waters (Fig. 5). 
5.2  Comparison with the algorithm of ratio or algo-
rithm of NDVI 
The algorithm based on ratio of NIR band and red 
band, or in other words the algorithm of NDVI, is re-
garded as a main tool to detect algal blooms. Stumpf et 
al. [1] showed a contour map of function Rrs(2)/Rrs(1) 
separated by the line of cloud and direct sunlight on 
water where the ratio equals 1 (Fig. 6). He had found 
out that the ratio Rrs(2)/Rrs(1) is increasing as density of 
algal blooms increases. The ratio for waters varied 
within a bounded range of 0.1 to 1, and the ratio for 
algal blooms within a bounded range of 0.3 to above 
0.7. Using sea-truth data Zhao et al. [10] gave a linear 
function of the ratio Rrs(2)/Rrs(1) vs. chlorophyll-a within 
range from 2 to 17 µg·L−1. 
Overlaying the contour map of Rrs(2)/Rrs(1) and con- 
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Fig. 5.  Comparing the windows for our turbidity-free mode with 
one-band mode in the domain of Rrs(1) and Rrs(2).The area within dotted 
line is the window for detecting algal bloom, which is defined by 1.6< α0 
< 5.2 and 0.01 < Rrs(2)/g < 0.2 (see eq. 14). The area marked in blue is the 
window for one-band mode. Red circles record the signals of waters 




Fig. 6.  Comparing the windows for our turbidity-free mode with mode 
of ratio Rrs(2)/Rrs(1). The area within dotted line is the window for detect-
ing algal bloom, which is defined by 1.6< α0 < 5.2 and 0.01 < Rrs(2)/g < 
0.2 (see eq. 14). The area marked in blue is the window for ratio 
Rrs(2)/Rrs(1). Red circles record the signals of waters during algal blooms 
off the Minjiang estuary. 
 
tour map of α0 together, we found that the windows 
defined by ratio and those defined by α0 are similar for 
the clear and less turbid water but different for turbid 
water. The algorithm of ratio cannot detect algal 
blooms from turbid waters. 
As the NDVI could be calculated from ratio Rrs(2)/ 
Rrs(1): 
     NDVI = (Rrs(2)- Rrs(1))/(Rrs(2)+ Rrs(1)) 
= (Rrs(2)/Rrs(1)−1)/(Rrs(2)/Rrs(1)+1).     (18) 
The contour map of the NDVI is almost the same as 
Fig. 6. It is reported that there is a positive correlation 
between the NDVI and algal blooms in the less turbid 
water[10]. Therefore the algorithm of NDVI cannot   
be fit for detecting algal blooms from turbid waters, 
too. 
5.3  Comparison with the algorithm of subtracting  
Using the images of algal blooms occurring in the 
coastal waters of Canada, Gower[4] found that the term 
of Rrs(1) − Rrs(2), the difference between Channel 1 and 
Channel 2 of AVHRR, becomes large while the density 
of algal bloom increases and then suggested using such 
difference as the index of algal blooms. Fig. 7 is a con-
tour map of Rrs(1) − Rrs(2) with signals of cloud and di-
rect sunlight on water clearly distributed on the line 
along the line NIR equaling red (Rrs(1) − Rrs(2) =0). In 
this map the signals of waters distributed in the region 
with Rrs(1) − Rrs(2) ≥ 0, and algal blooms mostly oc-
curred in the region with larger difference. Such algo-
rithm seems to highlight the contribution of algal 




Fig. 7.  Comparing the windows for our turbidity-free mode with mode 
of difference Rrs(1) − Rrs(2) (the area marked in light brown, 0.002 < Rrs(1) 
− Rrs(2) < 0.012 and Rrs(2)/g < 0.2) and ratio Rrs(2) /Rrs(1) (the area marked in 
light blue, 0.3< Rrs(2) /Rrs(1) < 0.7). The area within dotted line is the win-
dow for detecting algal bloom, which is defined by 1.6< α0 < 5.2 and 
0.01 < Rrs(2)/g < 0.2 (see eq. 14). Red circles presents the signals of algal 
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rophyll-a related absorption near 670 nm. So that it is 
difficult to separate signals of algal blooms dominated 
turbid waters from the suspended sediment-dominated 
turbid waters. Maybe this is why the algorithm of sub-
tracting is seldom applied after Gower[4]. An interesting 
things is that Gower[4] actually selected both methods 
of ratio and subtracting in same article. Using both 
methods and considering the signals of algal blooms as 
the waters with both higher Rrs(2)/Rrs(1) and Rrs(1) − Rrs(2) 
seems to be a way to detect the signals of algal blooms 
dominated turbid waters from the suspended 
sediment-dominated turbid waters ( Fig. 7). 
6  Conclusions 
Although satellite sensing based on NIR and red 
bands, the one-band method for brighter water in NIR 
band and dark water in red band, or the two-band 
method for difference between red and NIR bands, and 
mostly the ratio of red to NIR bands or related NDVI 
function have been used for many years for algal 
blooms detecting, it possibly may be little of progresses 
in marine optical understanding of algal blooms after 
early studies of Stumpf[1] and Gower[4]. 
Using the one order bb/(a+bb) model-deduced equa-
tion for relation between NIR and red bands, Rrs(2)−1 = 
α0Rrs(1)−1 + g-1 (1−α0), in addition to spectral reflectance 
for algal blooms for the study area, we found out a new 
algal blooms detecting window in domain of NIR and 
red bands, defined by the contour function of 1.6 < α0 < 
5.6 and 0.01 < Rrs(2)/g < 0.2. Such method performs 
more accurately and stably than published one-band or 
other two-band models and it would be possible to 
build a standardized mode for algal blooms detecting.  
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